Since 2007, a national Salmonella control program including obligatory vaccination has been ongoing in Belgium. In this context, the aim of the present study was to investigate the diversity of Salmonella Enteritidis (SE) isolates on five persistently contaminated Belgian layer farms and to examine the potential sources and transmission routes of SE contamination on the farms during successive laying rounds. A collection of 346 SE isolates originating from the sampled farms were characterized using a combination of multilocus variable number of tandem repeat analysis (MLVA) and phage typing (PT). On each farm, one or two dominant MLVA-PT types were found during successive laying cycles. The dominant MLVA type was different for each of the individual farms, but some farms shared the same dominant phage type. Isolates recovered from hens' feces and ceca, egg contents, eggshells, vermin (mice, rats, red mites and flies) and pets (dog and cat feces) had the same MLVA-PT type also found in the inside henhouse environment of the respective layer farm. Persistent types were identified in the layer farm inside environment (henhouse and egg collecting area). Furthermore, this study demonstrated cross-contamination of SE between henhouses and between the henhouse and the egg collecting area. Additional isolates with a different MLVA-PT type were also recovered, mainly from the egg collecting area. A potential risk for cross-contamination of SE between the individual layer farms and their egg trader was identified.
Introduction
The aim of the current longitudinal study, performed on five persistently SE positive layer farms, sampled during subsequent laying rounds, was to (i) investigate whether the contamination on these layer farms is maintained by one or several persisting strains and/or caused by repeatedly introduction by occasional strains possibly originating from external sources and (ii) identify factors contributing to the maintenance and/or introduction of SE in the environment of laying hens.
Material and methods
Five Belgian layer farms (farms A, B, D, E and G), with a recent previous or current SE positive status in the national monitoring and control program, were visited (Dewaele et al., 2012a) . All flocks were vaccinated against SE during rearing. Farms were monitored during two or three successive laying cycles at end of lay, after C&D, beginning and middle of lay. During each sampling event, 20 to 26 sites in each henhouse and 8 to 11 sites in the egg collecting area were sampled beside 200 freshly laid eggs and ceca of 50 hens. Salmonella was isolated from all samples according to the ISO6579:2002 Annex D protocol. The eggshell and egg content was analyzed as described by De Reu et al. (2006a , 2006b ). The serogroup was determined by the Poly A-I -Vi test (222641, Becton Dickinson). A specific PCR targeting the SdfI region was applied to confirm the isolates belonging to the Dserogroup as serotype SE (Botteldoorn et al., 2010) . Phage typing of the SE isolates was performed according to the phage typing scheme of Ward et al. (1987) at 'The National Phage Typing Centre' (Scientific Institute of Public Health WIV-ISP, Brussels, Belgium). MLVA was performed as described by Dewaele et al. (2012b) .
Results

General
The different types (MLVA-PT combination) present on each farm are given in detail in the paper of Dewaele et al. (2012c) . On farms A, B, E and G, one dominant MLVA-PT type was present. Two dominant MLVA-PT types were found on farm D. The dominant MLVA type was different for each of the individual farms; however, some farms shared the same dominant phage type, i.e., PT4b on farms B and D (75.8% and 50.5%, respectively); PT6c on farms E and G (74.6% and 100%, respectively). Besides the dominant type, other MLVAphage types were found at lower prevalence on four of the sampled farms.
SE isolates from farm A
A total of 96 SE isolates from farm A were characterized. Details of those characterization results can be found in Dewaele et al. (2012c) . In summary, at the end of the first laying round, one main type (4-12-9-2-8-7 / PT8-PT28) was present in the inside environment of henhouses 1, 2, 3, the egg collecting area, on mobile equipment and outside environment (crates, the drain, the hygiene mat and boots). This type was still isolated after C&D and during the entire second laying cycle. Floor, wall and feed trough in the henhouse and floor, pallet truck and egg collector/sorter in the egg collecting area were contaminated with this type during the successive laying cycles. The cat and dog feces contained this type, as well as the hens' feces found contaminated during the first and the second sampled laying cycle. Salmonella was not detected in the hens' ceca. However, two pools of egg shells from henhouse 2 (after molting in laying round 2) contained the type 4-12-9-2-8-7 / PT23, which was also found on the floor of henhouses 2 and 3 (overshoes) during the first laying round and in cracks/gaps in the wall in henhouse 1 during the second laying round. In other words, a type that was not frequently isolated from the henhouse was recovered from eggshells. A closely related type (4-13-9-2-8-7 / PT8-28) was isolated from boots outside the henhouses. In henhouse 1, a different type (6-8-9-2-8-7 / PT51) was isolated from cracks/gaps in the wall and from the feed hopper. Two completely different types (with differences in 5 of 6 VNTRs and a different phage type) were also found in the egg collecting area: 5-11-8-3-8-3 / PT21c, recovered from a dust pan and from the control panel of the conveyor and 5-6-8-3-8-4 / PT7a, isolated from the egg tray conveyor. A third different type (4-10-9-2-8-6 / PT8-28) was isolated from eggs trays in the egg collecting area.
SE isolates from farm B, D, E and G
The characterization results of the SE isolates from farm B, D, E and G are in detail discussed in Dewaele et al. (2012c) .
Discussion
A detailed discussion of all results can be found in Dewaele et al. (2012c) . In summery the present study showed the occurrence of one or two dominant SE types, spread over the henhouses and egg collecting area that persisted during several laying cycles. The C&D procedure was not able to eliminate the persistent type in the henhouse. In addition, completely different types (with a difference in tandem repeat copy numbers in multiple VNTRs and a different phage type), can be present on persistently SE-contaminated layer farms, which indicates previous and/or current additional SE contamination. Furthermore, more closely related types can also be present on persisting layer farms. Results suggest that the environment within the henhouse and vermin present on layer farms may constitute a major reservoir for SE strains and that laying hens and eggs (internally and externally) may become SE contaminated with strains present in the henhouse environment. Some indications were also noted for risk of cross-contamination between individual farms and the egg trading companies. The characterization of SE strains in the present study resulted in a better understanding of the factors (e.g., vermin, the floor, the egg collecting area) which contribute to the maintenance of SE contamination on persistently contaminated farms and demonstrated that various additional measures will be necessary to reduce the persistent contamination and to improve the Salmonella status of layer farms.
